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e5-1. Draw the free-body diagram of the 50-kg paper roll 
which has a center of mass at G and rests on the smooth 
blade of the paper hauler. Explain the significance of each 
force acting on the diagram. (See Fig. 5—7b.) 


The Significance of Each Force: 3 


W is the effect of gravity (weight) on the paper roll. 


N, and Ng are the smooth blade reactions on the 
paper roll 


5-2. Draw the free-body diagram of member AB, which is 
supported by a roller at A and a pin at B. Explain the 
significance of each force on the diagram. (See Fig. 5—7b.) Sit 


MN, force of plane on roller. 
8,, By force of pin on member. 
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5-3. Draw the free-body diagram of the dumpster D of the 
truck, which has a weight of 5000 lb and a center of gravity 
at G. It is supported by a pin at A and a pin-connected 
hydraulic cylinder BC (short link). Explain the significance 
of each force on the diagram. (See Fig. 5—7b.) 


The Significance of Each Force : 
W is the effect of gravity (weight) on the dumpster. 
A, and A, are the pin A reactions on the dumpster. 


Fc is the hydraulic cylinder BC reaction on the dumpster. 


*5-4. Draw the free-body diagram of the beam which 
supports the 80-kg load and is supported by the pin at A and 
a cable which wraps around the pulley at D. Explain the 


significance of each force on the diagram. (See Fig. 5—7b.) 


T force of cable on beam. 
A. A, force of pin on beam. 
80(9.81)N force of cable on beam. 
}5m 


8007-8) N 
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e5-5. Draw the free-body diagram of the truss that is 
supported by the cable AB and pin C. Explain the significance 
of each force acting on the diagram. (See Fig. 5—7b.) 


The Significance of Each Force: 
G, and C, are the pin C reactions on the truss. 
Tyg is the cable AB tension on the truss. 


3 KN and 4 KN force are the effect of external applied forces on 
the truss. 


5-6. Draw the free-body diagram of the crane boom AB 
which has a weight of 650 lb and center of gravity at G. The 


boom is supported by a pin at A and cable BC. The load of 
1250 Ib is suspended from a cable attached at B. Explain 
the significance of each force acting on the diagram. (See 
Fig. 5-7b.) 


The Significance of Each Force: 
W is the effect of gravity (weight) on the boom. 
A, and A, are the pin A reactions on the boom. 
Tgc is the cable BC force reactions on the boom. 


1250 lb force is the suspended load reaction on the boom. 
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5-7. Draw the free-body diagram of the “spanner 
wrench” subjected to the 20-lb force. The support at A can 
be considered a pin, and the surface of contact at B is 
smooth. Explain the significance of each force on the 
diagram. (See Fig. 5—7b.) 


Ac, Ay, Np force of cylinder on wrench. 


*5-8. Draw the free-body diagram of member ABC which 
is supported by a smooth collar at A, roller at B, and short 
link CD. Explain the significance of each force acting on the 
diagram. (See Fig. 5-75.) 


The Significance of Each Force: 
N,, is the smooth collar reaction on member ABC. 
Ng is the roller support B reaction on member ABC. 
Fop is the short link reaction on member ABC. 
2.5 KN is the effect of external applied force on member ABC. 


4 KN - m is the effect of extemal applied couple moment on 
member ABC. 
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e5-9. Draw the free-body diagram of the bar, which has a 
negligible thickness and smooth points of contact at A, B, 
and C. Explain the significance of each force on the 
diagram. (See Fig. 5-75.) 


Na, Ne, Ne force of wood on bar. 
10 tb force of hand on bar. 
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5-10. Draw the free-body diagram of the winch, which 
consists of a drum of radius 4 in. It is pin-connected at its 
center C, and at its outer rim is a ratchet gear having a mean 
radius of 6 in. The pawl AB serves as a two-force member 
(short link) and prevents the drum from rotating. Explain 
the significance of each force on the diagram. (See 
Fig. 5—7b.) 


G, G force of pin on drum. 
Fug force of paw! on drum gear. 
$00 Bb force of cable on drum. 


5-11. Determine the normal reactions at A and B in 
Prob. 5-1. 


Equations of Equilibrium : By setting up the x and y axes in the 
manner shown, one can obtain the direct solution for N, and Np. 


rt TE 20; N,—490.5sin30°=0 Np = 245 N 


A+2F =0; N,-490.Scos 30°=0 Ny = 425N 
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*5-12. Determine the tension in the cord and the 
horizontal and vertical components of reaction at support A 
of the beam in Prob. 5-4. 


GrMm =o T(2)+ r(3)@ - 80(9.81) (5.5) = 0 


T = 830.1N = 830N Ans 


SIF, = 0; A - 830.1 (3) =0 


A, = 498N Ans 
+T2R =0; -A4 + 830.1 + 830.1 (3) - (9.81) 20 


A, = 709N Ans 


80(9,8))N 


e5-13. Determine the horizontal and vertical components 
of reaction at C and the tension in the cable AB for the 
truss in Prob. 5-5. 


Equations of Equilibrium : The tension in the cable can be obtained 
directly by summing moments about point C. 


(+ 2M, =0; — Tgcos 30°(2)+%g sin 30°(4) -3(2) -4(4) =0 
Tyg = 5.89kN Ans 


IF =0; C, - 5.89 cos 30°=0 
C, =5.11kN Ans 


+TLE =0; GC, + 5.89 sin30°-3-4=0 
G =4.05kKN Ans 
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5-14. Determine the horizontal and vertical components 
of reaction at A and the tension in cable BC on the boom in 
Prob. 5-6. 


Equations of Equilibrium: The force in cable BC can be obtained 
directly by summing moments about point A. 


(+ £M@, =0; — Tycsin 7.380°(30) - 650cos 30°(18) 
— 1250sin 60°(30) = 0 


Tac = 11056.9 Ib = 11.1 kip Ans 


“+ LF =0; A,~110569(=)=0 
A, = 10206.4 lb = 10.2 kip 


+TIE=0; A,-650-1250- 110569(5)=0 
A, = 6152.7 Ib = 6.15 kip 


5-15. Determine the horizontal and vertical components 
of reaction at A and the normal reaction at B on the 
spanner wrench in Prob. 5-7. 


GEM = 0; Me (1) - 207) = 0 


Ac Joe 
Np = 1401b Ans a 


+E, 20; -A +140 20 me 


A, = 140 lb Ans 
+TIR, =0; A -20 =0 


A= 20 Ans 


*5-16. Determine the normal reactions at A and B and the 
force in link CD acting on the member in Prob. 5-8. 


Equations of Equilibrium : The normal reaction N, can be obtained 
direculy by summing moments about point C. 


(+ EM. =0; — 2.Ssin 60°(6) -2.Scos 60°(3) -4 
+N, cos 45°(3) —N, sin 45°(10) =0 


Ny = 1.059 kN = 1.06 kN Ans 
IF =0; — 1.059cos 45°-2.5cos 60°+ Fey =0 
Fop = 0.501 KN 


+TIF =0; Ny +1.059sin 45°-2.5sin 60° = 0 
Nq = 1.42 kN 
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e5-17. Determine the normal reactions at the points of 
contact at A, B, and C of the bar in Prob. 5-9. 


WRIF, =0; — Nesin 60°-10 sin 30° =0 
Ne = 5.77 Ib Ans 

(+E Me =0; 10 cos 30°(13- 1.732) —Nq (S— 1.732) - 5.77(3.464) = 0 
Ng = 23.7 Ib Ans 

+AEF, 30; Ng +5.77 cos 60° +10 cos 30° - 23.7 20 


Ng = 12.2 Ib Ans 


5-18. Determine the horizontal and vertical components 
of reaction at pin C and the force in the pawl of the winch in 
Prob. 5-10. 


v13 


Fya = 400.6 Ib = 401 b Ans 


CsEMe = 0; Fas [F]+- 0 =0 


SEF, = 0; -G +ams{ 72) = 0 


VB 


G = 333bb Ans 


+TIF, = 0; - 0 + 6, ~ ans 
1 


G =72b Ans 
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5-19. Compare the force exerted on the toe and heel of a 
120-lb woman when she is wearing regular shoes and 
stiletto heels. Assume all her weight is placed on one foot 
and the reactions occur at points A and B as shown. 


G2 «0 


+ TX, =0; 


Stiletto heal shoe, 


gu =0; 


+T XR =0; 


120(5.75) -(N,),(7) =0 
(N,), = 98.6 Ib 


(Ng)r +98.6- 120=0 
(Ng) = 214 Ib 


120(3.75) - (Ng), (4.5) =0 
(N,), = 100 Ib 


(Ng)s + 100-120=0 
(Np)s = 201b 
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*5-20. The train car has a weight of 24 000 Ib and a center 
of gravity at G. It is suspended from its front and rear on the 
track by six tires located at A, B, and C. Determine the 
normal reactions on these tires if the track is assumed to be 
a smooth surface and an equal portion of the load is 
supported at both the front and rear tires. 


24000 |b 


G+ZMo = 0; (2 Nc) (4) - 24000(5) = 0 
Ne = 1$000lb = ISkip Ans 
EF, = 0; 2% -2(15) 20 
NM = iSkip Ans 
+TIR, =0; 2%, - 24000 =0 


Np = \2kip = Ans 
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e5-21. Determine the horizontal and vertical components 
of reaction at the pin A and the tension developed in cable 
BC used to support the steel frame. 


Equations of Equilibrium: From the free - body diagram of the frame, Fig. a, 
the tension T of cable BC can be obtained by writing the moment equation of 
equilibrium about point A. 


(+204 =0; 3} 9+7{ $}w- «a-20=0 
T = 34.62 KN = 34.62 kN Ans, 
Using this result and writing the force equations of equilibrium along the x and y axes, 


3 
+ =F, = A, - 2402{2 =0 
A, = 20.77KN =20.8 kN 


+ T 3K, =0; Ay ~ 60- 3469 4) 0 
5 
Ay = 87.69 KN =87.7 kN 
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5-22. The articulated crane boom has a weight of 125 Ib and 
center of gravity at G. If it supports a load of 600 Ib, determine 
the force acting at the pin A and the force in the hydraulic 
cylinder BC when the boom is in the position shown. 


Fy cos 40° (1)'+ Fy sin 40° (1) — 125(4) — 600(9) = 0 


Fp = 4188lb = 4.19kip Ans 


— A, + 4188 cos 40° = 0 


A, = 3208 lb =3.21 kip Ans 


+TEF, =0; -A, + 4188 sin 40° - 600 ~ 125 = 0 


A =197kip Ans 
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5-23. The airstroke actuator at D is used to apply a force of 
F = 200 N on the member at B. Determine the horizontal 
and vertical components of reaction at the pin A and the 
force of the smooth shaft at C on the member. 


600 mm 


Equations of Equilibrium: From the free - body diagram of member ABC, Fig. a, 
Nc can be obtained by writing the moment equation of equilibrium about point A. 


Gx, =0; 200 sin 60° (800) ~ Nc (600 + 200sin 15°) = 0 
Nc = 212.60 N =213N Ans. 


Using this result and writing the force equations of equilibrium along the x and y axes, 


4,2, =@ —A , +212.6000s 15° — 200cos60° = 0 
A, =105N 

+T XR, =0; —Ay —212.60sin 15° + 200sin 60° = 0 
Ay =118N 
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*5-24. The airstroke actuator at D is used to apply a force 
of F on the member at B. The normal reaction of the 
smooth shaft at C on the member is 300 N. Determine the 
magnitude of F and the horizontal and vertical components 
of reaction at pin A. 


Equations of Equilibrium: From the free - body diagram of member ABC, Fig. a, 
force F can be obtained by writing the moment equation of equilibrium about point A. 


(+2M 4 = 0; F sin60°(800) — 300( 600+ 200sini15°) = 0 
F = 282.22N =282N Ans, 


Using this result and writing the force equations of equilibrium along the x and y axes, 


—A,, + 300cos 15° — 282.22.c0860° = 0 
A, =149N 
—Ay —300sin 15° + 282.22sin 60° = 0 


Ay =167N 
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e5-25. The 300-lb electrical transformer with center of gravity 
at G is supported by a pin at A and a smooth pad at B. 
Determine the horizontal and vertical components of reaction 
at the pin A and the reaction of the pad B on the transformer. 


Equations of Equilibrium: From the free - body diagram of the transformer, Fig. a, 
Np and Ay can be obtained by writing the moment equation of equilibrium about 
point A and the force equation of equilibrium along the y axis. 


GM, = 0; Np (3)—300(1.5)= 0 
Np = 1501b 
+ T 3 =0; Ay — 300=0 
Ay = 3001b Ans. 


Using the result Ng = 150 Ib and writing the force equation of equilibrium along the x axis, 


4X=F, = 150- A, =0 
A, = 150 Ib 
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5-26. A skeletal diagram of a hand holding a load is shown 
in the upper figure. If the load and the forearm have masses 
of 2 kg and 1.2 kg, respectively, and their centers of mass are 
located at G; and G, determine the force developed in the 
biceps CD and the horizontal and vertical components of 
reaction at the elbow joint B. The forearm supporting 
system can be modeled as the structural system shown in 
the lower figure. 


Equations of Equilibrium: From the free - body diagram of the structural 
system, Fig. a, Fqp can be obtained by writing the moment equation of equilibrium 
about point B. 4 | 


(+a =0; 2(9.81)(100+ 135 +65)+ 1.2(9.81\135 +65) 
—Fop sin75°(65)= 0 
Fop = 131.25N =131N Ans. 


Using the above result and writing the force equations of equilibrium along the x 
and y axes, 
4,2F, =G 131.25 cos 75° — B, = 0 
B, = 33.97 N =34.0N 
+TXF, = 0; 131.25sin75° — 2(9.81) — 1.(9.81)— B, = 0 
By = 95.38 N =95.4N 
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5-27. As an airplane’s brakes are applied, the nose wheel 
exerts two forces on the end of the landing gear as shown. 
Determine the horizontal and vertical components of 
reaction at the pin C and the force in strut AB. 


Equations of Equilibrium : The force in strut AB can be obtained 
directly by summing moments about point C. 


(+ EM@e=0; — 2(1)-6(1tan 20°) + F,ysin 50°(0.4) 
— F,,cos 50°(0.4tan 20°) = 0 


Fig = 0.8637 kN = 0.864 kN Ans 


Using the result F, 3 = 0.8637 kN and sum forces along x and y axes, 


we have, 
+TIXE =0; 6+ 0.8637cos 50°-C, =0 


G, =6.56kN 


ZE =0;  0.8637sin 50°+2-C, =0 
C, = 2.66 kN Ans 
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*5-28. The 1.4-Mg drainpipe is held in the tines of the fork 
lift. Determine the normal forces at A and B as functions of 
the blade angle @ and plot the results of force (vertical axis) 
versus @ (horizontal axis) for 0 = 6 = 90°. 


1.4@0)? (a.a)N 
Ng — 1.4(10) (9.81)sind = 0 aa) 


N, =13.7sin@kN Ans 


Np - 1.4(10)°(9.81)c080 ='0 
Ng 
Ne 


Np =13.7cos@kN Ans 


N (kN) 
Na = 83-7506 


Ne=13.10086 
=] 
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e5-29. The mass of 700 kg is suspended from a trolley 
which moves along the crane rail from d = 1.7m to 
d = 3.5m. Determine the force along the pin-connected 
knee strut BC (short link) and the magnitude of force at pin 
A asa function of position d. Plot these results of Fgc and Fy 
(vertical axis) versus d (horizontal axis). 


la 4 
EM, = 0: Fac(3)(1-5)-700(9.81)(a) =0 


Fac = 5722.5d Ans 
SEF, 20; -A +(5722.5(2) =0 
A, = 3433.5d 
4 
+TER=0; -A +(5722.5d)(=)-7009.81) =0 


4 = 4578d — 6867 


F, = (3433. 5d) +(4578d - 6867)" 
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5-30. If the force of F = 100 lb is applied to the handle of 
the bar bender, determine the horizontal and vertical 
components of reaction at pin A and the reaction of the 
roller B on the smooth bar. 


Equations of Equilibrium: From the free - body diagram of the handle of the bar 
bender, Fig.a, Ay and Nz can be obtained by writing the force equation of equilibrium 
along the y axis and the moment equation of equilibrium about point , respectively. 


+ THF, =0; Ay — 100sin30° = 0 

Ay = 50 1b Ans. 
(+2Ma =0; Ng cvs 60°(5)— 100(40) = 0 

Nz = 1600N =1.60 kip Ans. 


Using the result Nz = 1600 N and writing the force equation of equilibrium along the x 


Ax — 1600 + 10000830° = 0 
A, = 1513.40 N = 1.51 kip 


340 


5 Solutions 44918 1/23/09 5:11 PM Page 341 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


5-31. If the force of the smooth roller at B on the bar 
bender is required to be 1.5 kip, determine the horizontal 
and vertical components of reaction at pin A and the 
required magnitude of force F applied to the handle. 


Equations of Equilibriam: From the free - body diagram of the handle of the bar 
bender, Fig. a, force F can be obtained by writing the moment equation of equilibrium 
about point A. 


G+mM, =0; 1500 cos 60°5) — F(40) = 0 
F = 93.75 Ib Ans. 


Using the above result and writing the force equation of equilibrium along the x and y 
axes, 
4,=F, =0, A, + 93.75.cos30° — 1500 = 0 
Ay = 1418.81 Ib = 1.42 kip 
+ TX, =0; Ay — 93.75sin30° = 0 
Ay = 46.875 lb = 46.9 Ib 


341 


5 Solutions 44918 1/23/09 5:11 PM Page 342 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*5-32. The jib crane is supported by a pin at C and rod AB. 
If the load has a mass of 2 Mg with its center of mass located 
at G, determine the horizontal and vertical components of 
reaction at the pin C and the force developed in rod AB on 
the crane when x = 5 m. 


Equations of Equilibrium: Realizing that rod AB is a two - force member, it will exert 
aforce F4p directed along its axis on the beam, as shown on the free - body diagram in 
Fig. a.From the free - body diagram, F4p can be obtained by writing the moment equation 
of equilibrium about point C. 


3 4 
(+2Mc¢ =0; Fra{ 3 }+ Fag ($}o2)- 2000(9.81)(5)= 0 
Fag = 38 320.31 N =38.3 KN Ans. 


Using the above result and writing the force equations of equilibrium along the x and y axes. 


=F, = C, - 38 san: $) =0 
Cy = 30656.25 N = 30.7kKN 

+ T 3K, =0; 38 320. 2) -2000(981)-c, =0 
Cy = 3372.19N = 3.37kN 


2000 (9.8)) N 
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e5-33. The jib crane is supported by a pin at C and rod AB. 
The rod can withstand a maximum tension of 40 kN. If the 
load has a mass of 2 Mg, with its center of mass located at G, 
determine its maximum allowable distance x and the 
corresponding horizontal and vertical components of 
reaction at C. 


Equations of Equilibrium: Realizing that rod AB is a two - force member, it will exert 
aforce F4g directed along its axis on the beam, as shown on the free - body diagram in 
Fig. a. From the free - body diagram, the distance x can be obtained by writing the moment 
equation of equilibrium about point C. 


(Mc = 0; 40 on 2 4+ 40 oo = o.2)- 2000(9.81)(x) = 0 


x=5,22m Ans. 


Writing the force equations of equilibrium along the x and y axes, 


4 
C, - 40000 = |=0 
* oo 5 


C, = 32000 N = 32 kN 


40.00 3}- 2000(9.81)-Cy =0 


Cy = 4380N = 4.38 kN 


2000(F- BUN 
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5-34. Determine the horizontal and vertical components 
of reaction at the pin A and the normal force at the smooth 
peg B on the member. 


Equations of Equilibrium: From the free - body diagram of the member, Fig. a, 
Nj can be obtained by writing the moment equation of equilibrium about point A. 


Gm, =0; Np (0.4) ~600cos 30°(0.8) = 0 
Ng = 1039.23N =1.04KN om 


Using this result and writing the force equations of equilibrium along the x and y axes, 


600.cos 30° — 1039.23c0s 60°-A, = 0 
A, =0 

—Ay + 1039.23sin 60° — 600sin30° = 0 
Ay = 600N 
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5-35. The framework is supported by the member AB 
which rests on the smooth floor. When loaded, the pressure 
distribution on AB is linear as shown. Determine the length d 
of member AB and the intensity w for this case. 


+TEE =0; F-30020 
Fe = 800 Ib 


When tipoi 


(Em = 0; -200(5) + 8004-4) =0 


d=6f Ans 


he zd = 5wn6) = 800 


w = 267 lb/ft 
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*5-36. Outriggers A and B are used to stabilize the crane 
from overturning when lifting large loads. If the load to be 
lifted is 3 Mg, determine the maximum boom angle 6 so that 
the crane does not overturn. The crane has a mass of 5 Mg 
and center of mass at Gc, whereas the boom has a mass of 
0.6 Mg and center of mass at Gz. 


(mM = 0; -5(9.81) (2.3) + 3 (9.81) (9.5 sin 6 - 0.7) 


+ 0.6 (9.81) (5 sin 8 - 0.7) = 0 


6 = 26.4° Ans 
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e5-37. The wooden plank resting between the buildings 
deflects slightly when it supports the 50-kg boy. This 
deflection causes a triangular distribution of load at its ends, 
having maximum intensities of w, and wg. Determine wy, 
and wz, each measured in N/m, when the boy is standing 
3 m from one end as shown. Neglect the mass of the plank. 


509.8))=4905N 


(tm, = 0; -4905 0.15) + zs (0.3) (9.25) = 0 
O15M- 


wa = 1113.6 N/m = 1.11 kN/m 3m 


| 
+T ER 20; twa (0.45) + ; (1113.6) (0.3) - 490.5 = 0 ZW) (0-45) 


wa = 1437.6N/m =1.44kN/m Ans 
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5-38. Spring CD remains in the horizontal position at all 
times due to the roller at D. If the spring is unstretched 
when 6 = 0° and the bracket achieves its equilibrium 
position when 6 = 30°, determine the stiffness k of the 
spring and the horizontal and vertical components of 
reaction at pin A. 


Spring Force Formula: At the equilibrium position, the spring elongates x = 
0.6sin30° m. Using the spring force formula, the force in spring CD is found to be 
Fep = kx = OK. 


Equations of Equilibrium: From the free - body diagram of the bracket, Fig. a, the 
stiffness k of spring CD and Ay can be obtained by writing the moment equation of 
equilibrium about point A and the force equation of equilibrium along the x axis, 
respectively. 
¢ +IM 4 = 0; 0.3k cos 30°( 0.6) — 300 cos 30°(0.45) — 300 sin 30°(0.6) = 0 

k = 1327.35N/m=1.33kKN /m Ans. 
+ T XK, =0; Ay — 300=0 

Ay = 300N Ans. 


Using the result k = 1327.35 N / m and writing the force equation of equilibrium along 
the x axis, 


+ 3K, = A, — 0.K1327.35)= 0 
A, = 398.21N =398N 
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5-39. Spring CD remains in the horizontal position at all 
times due to the roller at D. If the spring is unstretched 
when @ = 0° and the stiffness is k = 1.5 kN/m, determine 
the smallest angle 6 for equilibrium and the horizontal and 
vertical components of reaction at pin A. 


Spring Force Formula: At the equilibrium position, the spring elongates x = 
0.6sin9@. Using the spring force formula, the force in spring CD is found to be 
Fy = kx = 1500(0.6 sin@ )= 900sin 0. 


Equations of Equilibrium: From the free - body diagram of the bracket, Fig. a, the 
equilibrium position @and Ay can be obtained by writing the moment equation of 
equilibrium about point A and the force equation of equilibrium along the y axis, 
respectively. 


(42m A =90; 900sin8@ cos@ (0.6) — 300 sin 6(0.6) — 300.cos0(0.45) = 0 
540sin@ cos@ — 180sin @ — 135 cos6 = 0 

Solving by trial and error yields 
@ = 23.083° = 23.1° 


+ T XR, =0; Ay - 300=0 
Ay = 300N Ans. 


Using the result 6 = 23.083° and writing the force equation of equilibrium along 
the x axis, 
LIF, =G A, — 900sin23.083° = 0 

A, = 352.86N = 353N 
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*5-40. The platform assembly has a weight of 250 lb and 
center of gravity at Gj). If it is intended to support a 
maximum load of 400 lb placed at point G2, determine the 
smallest counterweight W that should be placed at B in 
order to prevent the platform from tipping over. 


When tipping occur, Rc = 0 
( +m, = 0; — 400(2) + 250(1) + W,(7) = 0 


W, = 78.6 Ib 
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e5-41. Determine the horizontal and vertical components 


of reaction at the pin A and the reaction of the smooth 
collar B on the rod. 


Equations of Equilibrium: From the free - body diagram, Ay and Ng can be 
obtained by writing the force equation of equilibrium along the y axis and the 
moment equation of equilibrium about point A. 


+T ER, =0; Ay - 300- 450= 0 
Ay =7501b Ans. 
(M4 =0; Ng (4sin30°)-300(1)— 450(3) = 0 
Np = 825 Ib Ans. 


Using the result Nz = 825 Ib and writing the force equation of equilibrium along 


+25, =0 


300lb A4sZ0Ib 


351 


5 Solutions 44918 1/23/09 5:11 PM Page 352 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


5-42. Determine the support reactions of roller A and the 
smooth collar B on the rod. The collar is fixed to the rod 
AB, but is allowed to slide along rod CD. 


Equations of Equilibriom: From the free - body diagram of the rod, Fig. a, N p 
can be obtained by writing the force equation of equilibrium along the yaxis. 


+ TF, =0; Np sin 45° -900= 0 
Np = 1272.79N =1.27kN Ans. 


Using the above result and writing the force equation of equilibrium and the moment 
equation of equilibrium about point B, 
42F, =@ 1272.79.c0s45° — Ay = 0 
Ay = 900N 
(+2Ma =0; -900(1) + 900(2) sin 45°-600+ Mg = 0 
Mp =227N-m 
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5-43. The uniform rod AB has a weight of 15 lb. Determine 
the force in the cable when the rod is in the position shown. 


Np(5 sin 40°) — 15(2.5 cos 40°) =0 


~ IF, =0; Tcos 10°-8.938=0 T=9.08 lb 


*5—44. Determine the horizontal and vertical components 
of force at the pin A and the reaction at the rocker B of the 
curved beam. 


GEM, = 0; Ny (4) ~ 200 cas 15° (2) ~ 500 cos 10° (2) = 0 


Np 27342.79=343N = Ans 
+TLR, = 0; A, - 500cos 10° - 200cos 15° + 342.79 = 0 
A, = 3428 =343N Ans 

SEF, = 0; - A, + 500sin 19° - 200sin 15° = 0 


A = 35.1N Ans 
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e5-45. The floor crane and the driver have a total weight 
of 2500 Ib with a center of gravity at G. If the crane is 
required to lift the 500-lb drum, determine the normal 
reaction on both the wheels at A and both the wheels at B 
when the boom is in the position shown. 


Equations of Equilibrium: From the free - body diagram of the floor crane, Fig. a, 


(12M p = 0; 2500(1.4 + 8.4) - 500(15c0s 30° ~8.4)—N 4(2.2+1.4+8.4) =0 
Na = 1850.40 Ib = 1.85 kip Ans. 
+ TF, =0; 1850.40— 2500- 500+ Ng =0 
Ng = 1149.60 Ib=1.15 kip Ans. 


354 


5 Solutions 44918 1/23/09 5:11 PM Page 355 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


5-46. The floor crane and the driver have a total weight of 
2500 Ib with a center of gravity at G. Determine the largest 
weight of the drum that can be lifted without causing the 
crane to overturn when its boom is in the position shown. 


Equations of Equilibrium: Since the floor crane tends to overturn about point B, 
the wheel at A will leave the ground and N,4 = 0. From the free - body diagram of 
the floor crane, Fig. a, Wcan be obtained by writing the moment equation of 


equilibrium about point B. 


(+2M p = 0; 2500(1.4 + 8.4)— W(15c0s 30° ~ 8.4) = 0 
W = 5337.25 lb = 5.34 kip 
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5-47. The motor has a weight of 850 lb. Determine the 
force that each of the chains exerts on the supporting hooks 
at A, B, and C. Neglect the size of the hooks and the 
thickness of the beam. 


Fycos 10°(1) +850(0.5) ~ Fecos 10°(2) = 0 


Fe sin 10° — Fp sin30° — F, sin 10° = 0 


850— Fy cos 10° ~ F,.cos30° ~ F00s 10° = 0 


Solving Eqs.(1), (2) and (3) yields : 


i,=432lb  Fe=0 Fe = 432 1b 


*5—-48. Determine the force P needed to pull the 50-kg roller 
over the smooth step. Take 6 = 60°. 


0-331 
¢ = cos (53) = 33,56° Nise 
GEMp = 0; 50 (9.81) sin 20° (0.5) +50(9.81) cos 20°(0.3317) — P cos 60° (0.5) 
~ P sin 60° (0.3317) = 0 


P= 441N. Ans 
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e5-49. Determine the magnitude and direction 6 of the 
minimum force P needed to pull the 50-kg roller over the 
smooth step. 


so(a-si\N, 


. 5 
For Pam. Na 30, = cost (2) = 33.56° 


(+EMs = 0; 50 (9.81) sin 20° (0.5) +50(9.81) cos 20°(0.3317) — P cos 6 (0.5) 


—P sin 6 (0.3317) = 0 
236.75 - Pcos 6 (0.5) — P sin 6 (0.3317) = 0 


Ps 236.75 
~ (0.5 cos 6 + 0.3317 sin 6) 


Fort Prsin; 


dP _ ~236,75 (-0.5 sin @ + 0.3317 008 8) _ 4 
40 (0.5 cos @ + 0.3317 sin 6)* 


6 = 33.6 Ans 


Prin = 395N Ans 
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5-50. The winch cable on a tow truck is subjected to a 
force of T = 6kN when the cable is directed at @ = 60°. 
Determine the magnitudes of the total brake frictional 
force F for the rear set of wheels B and the total normal 
forces at both front wheels A and both rear wheels B for 
equilibrium. The truck has a total mass of 4 Mg and mass 
center at G. 


IF, = 0; 6000sin60’ - F =0 


F = $196N35.20kN Ans 


GE Ma = 0; =, (4.5) +4(10°)(9.81) (2.5) - 6000 sin 60 (3) - 6000 cos 60° (1.5) = 0 


M 2 17336N=17.3KN = Ans 
+TEF, = 0; 17336 - 4(10°)(9.81) - 6000 cos 60° + My = 0 


Np = 24904N 224.9KN Ans 
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5-51. Determine the minimum cable force T and critical 
angle @ which will cause the tow truck to start tipping, i.e., for 
the normal reaction at A to be zero. Assume that the truck is 
braked and will not slip at B. The truck has a total mass of 
4 Mg and mass center at G.x 


(+E = 0; 4(10?)(9.81)(2.5) - Tsin (3) - Toos 6(1.5) = 0 


65 400 


T° mb+im® 


aT ~65 400(-sin9 +2 cos) 
=> 20 
d@ (cos @ + 2 sin OF 
—3in@+2 cos6=0 
6 = tan™'2 = 63.43° = 63.4° Ans 


65 400 


——— 2 29.2 iN 
8 ns) 


*5-52. Three uniform books, each having a weight W and 
length a, are stacked as shown. Determine the maximum 
distance d that the top book can extend out from the 
bottom one so the stack does not topple over. 


Equilibrium : For top two books, the upper book will topple when the 
center of gravity of this book is to the right of point A. Therefore, the 
maximum distance from the right edge of this book to point A is a/2. 


Equation of Equilibrium : For the entire three books, the top two books 
will topple about point B. 


(+ 2M, =0; W(a-d)-W(d~5)=0 
=2 
4 


d 
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e5-53. Determine the angle @ at which the link ABC is 

held in equilibrium if member BD moves 2 in. to the right. 

The springs are originally unstretched when 6 = 0°. Each ker = 100 lb/ft 
spring has the stiffness shown. The springs remain 

horizontal since they are attached to roller guides. 


kap = 500 lb/ft 


(+EMs =0; Fe(6c0s@)~F,(6cos@)=0 Fo =F =F 


xe @ age 3 0.12F and x = oe = 0.024F 
TF 


CG?) (iP) 
Using similar triangles 


0.096F 2 2-0.024F 


D 3 F=27.77b 


cing « ITD «9 22 


O= 12.8° 
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5-54. The uniform rod AB has a weight of 15 lb and the 
spring is unstretched when @ = 0°. If @ = 30°, determine 
the stiffness k of the spring. 


Geometry : From triangle CDB, the cosine law gives 


t= f2.5362 + 1.7322 -2(2.536) (1.732) cos 120° = 3.718 ft 


Using the sine law, 
sina — sin 120° 


—_— = = e 
T3556" 371g | (7736-21 


Equations of Equilibrium : The force in the spring can be obtained 
directly by summing moments about point A. 


(+ 2M, =0; — 15cos 30°(1.5)-F, cos 36.21°(3) =0 
FE, = 8.050 Ib 


Spring Force Formula : The spring stretches x = 3.718-3 = 0.718 ft. 


5-55. The horizontal beam is supported by springs at its 
ends. Each spring has a stiffness of k = 5kN/m and is 
originally unstretched so that the beam is in the horizontal 
position. Determine the angle of tilt of the beam if a load of 
800 N is applied at point C as shown. 


Equations of Equilibrium : The spring force at A and B can be obtained 
directly by summing moments about points B and A, respectively. 


(+ EM, =0; 800(2)-F,(3)=0 Ff, =533.33N 


(+ 2M, =0; (3)-800(1)=0 F = 266.67N 
. F 
Spring Formula: Applying A = i’ we have 


533.33 
4a, = 5108) = 0.1067 m 


266.67 
4, = 50) = 0.05333 m 


Geometry : The angle of tilt @ is 


4 ee 
a@=tan 


\= 1.02° 
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*5-56. The horizontal beam is supported by springs at its 
ends. If the stiffness of the spring at A is k, = 5kN/m, 
determine the required stiffness of the spring at B so that if 
the beam is loaded with the 800 N it remains in the 
horizontal position. The springs are originally constructed 
so that the beam is in the horizontal position when it is 
unloaded. 


0:/067-@%5333 
=0.05333m 


Equations of Equilibrium : The spring forces at A and B can be A,=0-/067m 
obtained directly by summing moments about points B and A respectively. 


=0; 800(2)-A,(3)=0 F, =533.33N 
=0; (3)-800(1)=0 % =266.67N 


; F 
Spring Formula: Applying A = z’ we have 


533.33 266.67 
4 = Scag) ~ 01067 m 4, = is 


Geometry : Requires, Ag = A,. Then 


ky = 2500 N/m= 2.50 kN/m 
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e5-57. The smooth disks D and E have a weight of 200 Ib 
and 100 lb, respectively. If a horizontal force of P = 200 Ib 
is applied to the center of disk E, determine the normal 
reactions at the points of contact with the ground at A, B, 


and C. 


For disk E : 


SIF, = 0; -p ow {Z) wo 


+TZE = 0; Ne - 100-1" (2) =0 
For disk D : 


ER, 20; M @)-» (4) =0 


3 
+TIR 20; M% (3) +m - 20+" (2) 0 
Set P = 200 ib and solve : 
N' = 206,12 
M = 250lb Ans 


Np = 9.18 Ans 


Ne = 141b Ans 
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5-58. The smooth disks D and E have a weight of 200 Ib 
and 100 Ib, respectively. Determine the largest horizontal 
force P that can be applied to the center of disk E without 
causing the disk D to move up the incline. 


For disk E : 


SIF, = 0; -pow(B) oo 


+TZER, = 0; Ne - 100-N' (2) 0 


For disk D : 


SEF, = 0; ™ (3)- 


+TIE = % (3) +m - 20+" (3) =0 
Require Ng = O for Paez. Solving, 

Pam = 210 Ans 

Ma = 2621b Ans 


Nc = 143b Ans 
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5-59. A man stands out at the end of the diving board, 
which is supported by two springs A and B, each having a 
stiffness of k = 15 kN/m. In the position shown the board 
is horizontal. If the man has a mass of 40 kg, determine the 
angle of tilt which the board makes with the horizontal after 
he jumps off. Neglect the weight of the board and assume it 
is rigid. 


Equations of Equilibrium : The spring force at A and B can be obtained 
direclly by summing moments_about points B and A, respectively. 


(+ IM, =0; A, (1)-392.4(3)=0 FR =1177.2N 


G IM, =0;  F(1)-392.4(4)=0 Ff =1569.6N x 
4098!)=3924.N 


F 
Spring Formula: Applying A = i’ we have 


1177.2 1569.6 


4 = T5crgsy = 2.07848 m 4s = T5rigny 70 Otte 


Geometry : The angle of tit @ is 


0. 10464 + 0.07848 


a=tan'( 7 )= 10.4° 


7m 
A,=0:07848m  (0./0¢64-+0-0]648)m 
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*5-60. The uniform rod has a length / and weight W. It is 
supported at one end A by a smooth wall and the other end 
by a cord of length s which is attached to the wall as 
shown. Show that for equilibrium it is required that 
h = (8% — By}. 


Equations of Equilibrium : The tension in the cable can be 
obtained directly by summing moments about point A - 
G 2M, =0; sin g()- Wsin (5)=0 
a Wsin 6 


2sin ¢ 


Wsin 6 
2sin @ 


Using the result T= 


Wsin 8 
+TXE =0; mee 
sin Ocos (8-9) -2sin ¢ =0 (1) 


Geometry : Applying the sine law with sin (180°- 6) = sin 6, we have 


sing _ sind sine con® [2] 
h s s 


Substituting Eq. (2] into [1] yields 


2h 
cos (8-9) ears 


Using the cosine law, 


P =h' +s" ~2hscos (0-9) 
+st-P 


cos (6-9) = The 


Equating Eqs. [3] and [4] yields 
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e5-61. Ifspring BC is unstretched with 6 = 0° and the bell 
crank achieves its equilibrium position when 6 = 15°, 
determine the force F applied perpendicular to segment 
AD and the horizontal and vertical components of reaction 
at pin A. Spring BC remains in the horizontal postion at all 
times due to the roller at C. 


Spring Force Formula: From the geometry shown in Fig. a, the stretch of spring 
BC when the bell crank rotates 9 = 15° about point A is x = 0.3 cos 30° — 0.3c0s 45° 
= 0.04768 m. Thus, the force developed in spring BC is given by 


Fyp = ke = 2000(0.04768) = 95.35N 


Equations of Equilibrium: From the free - body diagram of the bell crank, Fig. 5, 
F can be obtained by writing the moment equation of equilibrium about point A. 


(+m A =9; 95.35 sin45° (300) — F( 400) = 0 
F =50.57N =50.6N Ans. 


Using the above result and writing the force equations of equilibrium along the x and y 


A, ~ 50.57sin 15° - 95.35 = 0 
A, = 108.44 N = 108N 

Ay - 50.57008 15° = 0 

Ay = 48.84 N =48.8N 
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5-62. The thin rod of length / is supported by the smooth 
tube. Determine the distance a needed for equilibrium if 
the applied load is P. 


2r 


¥4r? +a? 


Na-P=0 


2r 


Gms [dale mfeA oo 
4r2 + a2 


4r?1 
——. - fare a0 


4r?2 + a2 


471s (4,7? 2) t 
r +a’) 


2 
(477 )* = 4r° +a? 


a =V(4r2nt ~ 472 
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5-63. The cart supports the uniform crate having a mass of 
85 kg. Determine the vertical reactions on the three casters 
at A, B, and C. The caster at B is not shown. Neglect the 
mass of the cart. 


Equations of Equilibrium : The normal reaction Ncan be obtained 
directly by summing moments about x axis. 


IM, =0; —Nc(1.3)-833.85(0.45) =0 
Nc = 288.64 N = 289 N 


IM, =0; — 833.85(0.3) -288.64(0.35) -N, (0.7) =0 
N, = 213.04N =213N Ans 


IE =0; Ny +288.64+213.04-833.85 =0 
Ng = 332N 
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*5-04. The pole for a power line is subjected to the two 
cable forces of 60 Ib, each force lying in a plane parallel to 
the x—y plane. If the tension in the guy wire AB is 80 |b, 
determine the x, y, z components of reaction at the fixed 
base of the pole, O. 


Equations of Equilibrium : 


IE =0; 0, +60sin 45°-60sin 45° = 0 
Q, =0 


O, + 60cos 45° + 60cos 45° = 0 
O, =-84.9 lb 


Q,-80=0 Q =80.01b 


(Mo), +80(3) - 2[60cos 45°(14)] =0 
(Mo), = 948 Ib- ft 


(Mo), + O0sin 45°( 14) ~ 60sin 45°( 14) =0 
(Mo), =0 


(Mg), + 60sin 45°( 1) ~ 60sin 45°(1) = 0 
(Mo), =0 
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05-65. If P = 6kN,x = 0.75m and y = 1m, determine 


the tension developed in cables AB, CD, and EF. Neglect 
the weight of the plate. 


Equations of Equilibrium: From the free - body diagram, Fig. a, Iqp and Tg 


can be obtained by writing the moment equation of equilibrium about the x and 
yaxes, respectively. 


XM, =0; Top (2)-6(1) = 0 
Top = 3kN 
IM, =0; Tg (2)- 6(0.75)= 0 
Tye = 2.25kKN Ans. 
Using the above results and writing the force equation of equilibrium along the z axis, 


XF,=0; Tap + 3+2.25-6=0 
Tag = 0.75 KN 
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5-66. Determine the location x and y of the point of 
application of force P so that the tension developed in 
cables AB, CD, and EF is the same. Neglect the weight of 
the plate. 


Equations of Equilibrium: From the free - body diagram of the plate, Fig. a, 
and writing the moment equations of equilibrium about the x’ and y’ axes, 


=M ,’ = 0; T(2-y)-2Ty)=0 
y = 0.667 m 
27(x)-T(2~x)=0 
x = 0.667 m 
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5-67. Due to an unequal distribution of fuel in the wing 
tanks, the centers of gravity for the airplane fuselage A 
and wings B and C are located as shown. If these 
components have weights W, = 45 000 lb, Wz = 8000 Ib, 
and Wo = 6000 lb, determine the normal reactions of the 
wheels D, E, and F on the ground. 


=M, = 0; 8000 (6) — Rp (14) — 6000 (8) + Re (14) = 0 


EM, = 0; 8000(4) + 45 000(7) + 6000 (4) — Re (27) = 0 


EF =0; Rp + Re + Re — 8000 — 6000 - 45000 = 0 
Solving, 

Rp = 22.6 kip 

Re = 22.6 kip 

Re = 13.7 kip 
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*5-68. Determine the magnitude of force F that must be 
exerted on the handle at C to hold the 75-kg crate in the 
position shown. Also, determine the components of reaction 
at the thrust bearing A and smooth journal bearing B. 


Equations of Equilibrium: From the free - body diagram, Fig. a, F, B,, Az,and 
Ay can be obtained by writing the moment equation of equilibrium about the y, x 


> 


and .x’ axes and the force equation of equilibrium along the yaxis. 


IM, = 0; —F(0.2)+75(9.81)(0.1)= 0 
F = 367.875 N =368N 
2M, =0; B,(0.5+ 0.6)—-75(9.81)(0.6)= 0 
B, = 401.32N = 401N 
—A (0.6 + 0.5) + 75(9.81)(0.5) = 0 
A, = 334.43N = 334N 
=F, =0; Ay =0 Ans. 
Using the result F = 367.875 N and writing the moment equations of equilibrium about 
the z and z’ axes, 


IM, = 0; —B,(0.5 + 0.6) 367.875(0.2+ 0.1+0.5 +0.6) = 0 
B, = -468.20N =—468N 

My’ = 0; A, (0.6+ 0.5) ~ 367.875(0.2 + 0.1) = 0 
A, = 100.33N = 100N 


The negative signs indicate that B, act in the opposite sense to that shown on the free- body 
diagram. 
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°5-69. The shaft is supported by three smooth journal 
bearings at A, B, and C. Determine the components of 
reaction at these bearings. 


Equations of Equilibrium: From the free - body diagram, Fig. a, C and C, can be obtained by 
writing the force equation of equilibrium along the y axis and the moment equation of equilibrium 
about the y axis. 


Fy =0; Cy-450=0 
Cy = 450N 

IMy = 0; C,(0.9+0.9)— 900( 0.9) + 600(0.6) = 0 
C, = 250 N 


Using the above results 


IM, = 0; B,(0.9+ 0.9)+250(0.9 + 0.9 +0.9)+ 450(0.6) — 900(0.9+ 0.9+ 0.9)— 600(0.9) = 0 
B, =1125 N =1.125kN Ans. 
XM,’ = 0; 600(0.9) + 450(0.6) — 900(0.9) + 250(0.9) — A, (0.9+ 0.9)= 0 
A, = 125N Ans. 


IM, = 0; —B,(0.9 +0.9)+ 500(0.9) + 450(0.9) — 450(0.9 +0.9)= 0 
B, =25N 

SF, =0; A, +25-500=0 
A, =475N 
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5-70. Determine the tension in cables BD and CD and 
the x, y, z components of reaction at the ball-and-socket 
joint at A. 


{-1li+ 1.5j+3k}m; rep = 3.50m 


= — 0.2857 Tp i + 0.4286 Tgp j + 0.8571 Typ & 


ren) = — 0.2857 Top i — 0.4286 Top § + 0.8571 Tep k 
‘cD 


Thus, using the components of Tgp and Top, the scalar equations of equilibrium become : 
ZF, = 0; A,— 0.2857 Typ — 0.2857 Top = 0 

ER = 0; A, + 0.4286 Tyo - 0.4286 Ten = 0 

ZF =0; A+ 0.8571 Ip + 0.8571 Kp - WO= 0 

ZMaz = 0; — (0.8571 Typ) (1.5) + (0.8571 Top) (1.5) = 0 

EM, = 0; 300(1) — (0.8571 Tgp) (1.5) — (0.8571 Tep) (1.5) = 0 

Solving 

Tap = Tep = 117N 

A, = 66.7N Ans 

A <0 Ans 


A= 100N Ans 
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5-71. The rod assembly is used to support the 250-Ib cylinder. 
Determine the components of reaction at the ball-and- 
socket joint A, the smooth journal bearing FE, and the force 
developed along rod CD. The connections at C and D are 
ball-and-socket joints. 


Equations of Equilibrium: Since rod CD is a two - force member, it exerts a force Fpc directed along 
its axis as defined bya pc on rod BC, Fig. a. Expressing each of the forces indicated on the free - body 
diagram in Cartesian vector form, 


Fa =Ayit+Ayj+ Ak 


Fr = E,i+ Ek 
W =[-250k] Ib 
Fpc =-Fpck 
Applying the force equation of equilibrium 
F=0 F4+Fre +Fpc +W=0 
(Ayi+ Ayj+ A,k)+(E,i+ E,k)+(—Fpc k)+(—250k) = 0 
(A, + Ex ji+ (Ay )j+(A, + Ez Foc )k = 0 
Equating i, j, and k components, 
Ay +E, =0 (l) 
Ay =0 (2) 
Az + Ez ~ Foc -250=0 (6) 
In order to apply the moment equation of equilibrium about point A, the position vectors tyr , me, and r4r , 
Fig. a, must be determined first. 
ruc = Fli+ lift 
rag =([2j}ft 
tar =[1.5i+3j}ft 
Thus, 
™M, =0; (tac XF pc )+ (tae XFe)+ (tar xW)=0 
(lit 1j) x (—Foc k ) + (2j) x (E,i+ E,k)+ (1Si+ 3j) x (-250k) = 0 
(-Fpc +2E, - 750)i+ (375 = Frpc )j+(=2E, k = 0 


377 


5 Solutions 44918 1/23/09 5:11 PM Page 378 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


Equating i, j, and k components, 
Foc +2E,~750=0 

375- Foc =0 

~2E, =0 

Solving Eqs. (1) through (6), yields 


Foc = 375\b 


Az = 62.5Ib 


W=250 Ib 
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*5-72. Determine the components of reaction acting at the 
smooth journal bearings A, B, and C. 


Equations of Equilibrium: From the free - body diagram of the shaft, Fig. a, Cy and 
C,, can be obtained by writing the force equation of equilibrium along the y axis and the 
moment equation of equilibrium about the yaxis. 


ry =0; 450 cos 45° + Cy =0 
cy = -318.20N =-318N 
IM, = 0; C,(0.6)— 300=0 
C, = 500 N Ans. 


Using the above results and writing the moment equations of equilibrium about the x and z axes, 


IM, = 0; B,(0.8)—450c0s 45°(0.4)— 450sin 45°(0.8+ 0.4) + (318.20)(0.4) + 5000.8 + 0.4)= 0 
B, =-272.10N = -273N Ans. 

IM, = 0; —B,(0.8)—(-318.20X0.6)= 0 
B, = 238.65 N =239N Ans. 


Finally, using the above results and writing the force equations of equilibrium along the xand yaxes, 


EF, =0; A, +2385=0 
A, =-238.65N =-239N Ans. 
EF, =0; A, —(-272.70)+500 -450sin45° = 0 
A; = 90.90 N =90.9N Ans. 


The negative signs indicate that Cy, B, and A, act in the opposite sense of that shown on the free - body 
diagram. 
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e5-73. Determine the force components acting on the ball- 
and-socket at A, the reaction at the roller B and the tension 
on the cord CD needed for equilibrium of the quarter 
circular plate. 


Equations of Equilibrium : The normal reaction N, and A,can be 
obtained directly by summing moments about the x and y axes respectively. 


=M,=0; Ng (3)—200(3) — 200(3sin 60°) =0 
Ng = 373.21 N =373N Ans 


350(2) + 200(3cos 60°) —A, (3) =0 
A, = 333.33 N =333N 


Top + 373.21 +333.33-350-200-200 =0 
Tep = 43.5 N 


380 


5 Solutions 44918 1/23/09 5:11 PM Page 381 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


5-74. If the load has a weight of 200 lb, determine the x, y, 
z components of reaction at the ball-and-socket joint A and 
the tension in each of the wires. 


Equations of Equilibrium: Expressing the forces indicated on the free - body diagram, Fig. a, in Cartesian 
vector form, 


F,4 = Ayit+Ayjt+ Ak 
W =[-200k] Ib 
Fgp = Fppk 


(4- 4)i+(0-4)j+(3- Ok -( 4 


Fop = Fo=p 'c@ = kop -4 Fp Fook) 
(4-4)? +(0- 4) +(3- 0) 


5 
F pr = Fork 

Applying the force equation of equilibrium, 

WF=Q Fat+Fgpn+FQ+Fe+Ww=0 


(Api+ Ayj+ A,k) + Fep k+{-Sreni+ 2 ek) + Fark + (-200k) = 0 


(Achi+(ay -= ep }e( as +Fgp +2 Fo 3 2) Fer ~200 =0 


Equating i, j, and k components, 


A, =0 (1) 
A Sy, =0 2 
y- 5 O~ (2) 
Az + Fap + Fp + Far -200=0 (3 


In order to write the moment equation of equilibrium about point A, the position vectors rap, Tag Fac, and 
Tag must be determined first. 


rap = ilft 

mG =[4i+2jft 
rac =[4i+4j)ft 
Mag = 2i+4j)ft 
Thus, 


XM, = 9; (rag XFgp)+ (Fac XFop )+ (tar X Fer )+ (rag x W)=0 
(41) (Fok) + (414+45)x{ -Zremi+ 3 Rank} + (28-+4.9)x (Fark) + (44+ 25) x (-200k) 


(Bre +4 Fp - 400 + ~+Fap -2 hp —2 Fer +800 )i+(-“8 Fe» Je= 0 
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Equating i, j, and k components, 


Foy + 4p —400=0 


—-4Fep - Fp — 2Frr + 800=0 


16 
-—Fop =0 
5 cD 


Solving Eqs. (1) through (6), 


Fp =0 Ans. 
Fer = 100 1b Ans. 
Fgp =1501b Ans. 
A, =0 Ans. 
Ay =0 Ans, 
A, = 1001b Ans, 


The negative signs indicate that A, acts in the opposite sense to that on the 
free- body diagram. 
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5-75. If the cable can be subjected to a maximum tension 
of 300 lb, determine the maximum force F which may be 
applied to the plate. Compute the x, y, z components of 
reaction at the hinge A for this loading. 


IM, = 0; 3(F) - 30009) = 0 
F = 900lb Ans 
IF, = 0; A=0 Ans 
mF, =0; A =0 Ans 
IF, = 0; -900+300+A =0; A, = 600Ib Ans 
My, = 0; Maz + 900(1)- 30300) = 0; Ma =0 Ans 


IM, = 0; My, =0 Ans 


*5-76. The member is supported by a pin at A and a cable 
BC. If the load at D is 300 lb, determine the x, y, z 
components of reaction at the pin A and the tension in 
cable BC. 


Tee = tac {21- $44 Fe} 0 


Miy 
re =0; A+(5)e =0 


sfc 
A- 300+ (ie = 0 

- 300 (6) + (F)ac ©) = 0 
My - 3002) + (2)hc @) =0 


EM, = 0; Ma - (3)tc (+ ($)tre (4) = 0 


Solving, 
Tac = 1.05 kip 
= — 450lb 


= 900 lb 
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¢5-77. The plate has a weight of W with center of gravity at 
G. Determine the distance d along line GH where the 
vertical force P = 0.75W will cause the tension in wire CD to 
become zero. 


Equations of Equilibrium: From the free - body diagram, Fig. a, 


=M , = 0; Tap L)—W = |- o7sw( 5 - dcos 45°) = 0 


Tp L —0.875WL + 0.5303 Wd = 0 


0.75W(dsin45°) — Ta (<) =0 


1.0607Wd — Trl = 0 
Solving Eqs. (1) and (2) yields 


d = 0.550L 
Tre = 0.583W 
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5-78. The plate has a weight of W with center of gravity at 
G. Determine the tension developed in wires AB, CD, and 
EF if the force P = 0.75W is applied at d = L/2. 


Equations of Equilibriam: From the free - body diagram, Fig. a, T4g can be 
obtained by writing the moment equation of equilibrium about the x’ axis. 
™M, =0; o7sw| £+Eemas']+u{ nett) =0 


Tag = 1.1402 W =1.14W Ans. 


Using the above result and writing the moment equations of equilibrium about the 
yand y’ axes, 


IM, = 0; W(4) 0.75w7 5 + sin 4s°| - i1aoaw( 4) —TpF(L)=0 


Ter = 0.570 W 


L L a er 
Tep t+ L1a00H{ 2) we} 07s] 5 —E sings |- 0 


Tep = 0.0398 W Ans. 
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5-79. The boom is supported by a ball-and-socket joint at A 
and a guy wire at B. If the 5-kN loads lie in a plane which is 
parallel to the x—-y plane, determine the x, y, z components of 
reaction at A and the tension in the cable at B. 


Equations of Equilibrium : 


IM, =0; — 2{Ssin 30°(5)] - 7 (1.5) =0 
Ty = 16.67 KN = 16.7 kN Ans 


=M,=0; — Scos 30°(5) — Scos 30°(5) = 0 (Statis fied!) 


ZR =0; A, +5Scos 30°—Scos 30°=0 
A, =0 


A, ~2(Ssin 30°) = 0 
A, = 5.00kN 


A,-16.67=0 A, =16.7kN 
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*5-80. The circular door has a weight of 55 lb and a center 
of gravity at G. Determine the x, y, z components of 
reaction at the hinge A and the force acting along strut CB 
needed to hold the door in equilibrium. Set 9 = 45°. 


oa = 3sin 45° i + (3 + 3cos 45°)j + 6k 


= (21214 + 5.121) + 6k) ft 
rea = ¥ (2.121)? + (5.121)? +(6)? = 8,169 


2.121 
IF, = 0; (=) = 
A+ | ogg Jee = 0 


5.121 
= E vag Fea =? 


A= -114b Ans 


4 = -27.5b Ans 


A- 35+ (== )rea= 0 A = 28b Ans 


2 6 ; 
TM, = 0; My - (5 )o9.9) 6 sinasey = 0; My = 68.31b-f Ans 


6 
- 55(3) + (<<) Fe (3 + 300s 45°) = 0 


2.121 
Fea = 43.9lb Ans Meek My - (Felon + 3cos 45°) + (Jaa (3 sin 45°) 


29 
M,. =0 Ans 
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e5-81. The circular door has a weight of 55 Ib and a center 
of gravity at G. Determine the x, y, z components of 
reaction at the hinge A and the force acting along strut CB 
needed to hold the door in equilibrium. Set 9 = 90°. 


Toa = (31+ 35 + 6k} fe 


rea = ¥(3)* + (3)? +(6)' = 54 
A+ faa =0 
/s4 


(ae 
( 


A- 55+ fa lfa=o 
54 Joana = 0; My = 165lb-ft Ans 


— 55 (3) + fe G3) #0 3 3 
= |(67.36) (3) + | —= |(67.36) (3) = 0 


Fog = 67.36 = 67.416 Ans 
My, =0 Ans 
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5-82. Member AB is supported at B by a cable and at A by 
a smooth fixed square rod which fits loosely through the 
square hole of the collar. If F = {20i — 40j — 75k} lb, 
determine the x, y, z components of reaction at A and the 
tension in the cable. 


a - Fact + heel + “fick 


14 1 


=F, = 0; A +20- hie = 0 


A -40+ “Fac = 0 


6 
-15 + Fee 3 0 
7 ois 


Fac = 175 Ib 
Ae = 130 Ib 


A, = -101b 

a 175)(4) + Ma, = 0 

14 

Ma, = -300 lb-ft Ans 


75(12) - S175, 12) + May =0 


Mi = 0 Ans F= Peo; - 40{ -75k} Ib 


= 40(12) + Z79\(4 ‘ ~( 175)(12) + Mg = 0 


Ma, = -720 lb-ft Ans 
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5-83. Member AB is supported at B by a cable and at A by 
a smooth fixed square rod which fits loosely through the 
square hole of the collar. Determine the tension in cable BC 
if the force F = {—45k} lb. 


12 
Fac = -—Foci 
ela” vind 


6 a 
IF, = 0; —Fae - 45 = 
7 hed 45=0 


Fac = 105 Ib 
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*5-84. Determine the largest weight of the oil drum that 
the floor crane can support without overturning. Also, what 
are the vertical reactions at the smooth wheels A, B, and C 
for this case. The floor crane has a weight of 300 Ib, with its 
center of gravity located at G. 


Equations of Equilibrium: The floor crane has a tendency to overturn about the y’ 
axis, as shown on the free - body diagram in Fig. a. When the crane is about to overtum, 
the wheel at C loses contact with the ground. Thus 

Nc =0 


Applying the moment equation of equilibrium about the y’ axis, 


Myr = 0; W(10c0s30° ~ 2~ 4) -300(4) = 0 
W = 451.08 Ib =451 Ib Ans, 


Using this result and writing the moment equation of equilibrium about the xaxis 
and the force equation of equilibrium along the z axis, 


IM, = 0; Npg(2.5)— Na (2.5)=0 
EF, =0; Na +N pg —300- 451.08 =0 


Solving Eqs. (1) and (2), yields 
Na =NB = 375.54 1b = 376 Ib 
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e5-85. The circular plate has a weight W and center of 
gravity at its center. If it is supported by three vertical cords 
tied to its edge, determine the largest distance d from the 
center to where any vertical force P can be applied so as not 
to cause the force in any one of the cables to become zero. 


Assume , = Ty = 0 
IM. = 0; T(r + rcos 60°) — W(rcos 60°) - P(d + rcos 60") = 0 
IR =0; %-W-P=0 


Ekiminating Tc we get 


Wr+Pr-Pd=0 


d=r(1+3) 


Assume T; = 0 


=M,-. = 0; W (rcos 60°) - P(d') = 0 
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5-86. Solve Prob. 5-85 if the plate’s weight W is neglected. 


- 


Assume 7, = Ty =0 
IM... = 0; Te(r+r cow G0’) - P(d+rcos 60°) =0 
IF, =0; T-P=0 
dz=r 
Assume T; = 0: 


iM. 20; P(d}20 
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5-87. A uniform square table having a weight W and sides 
ais supported by three vertical legs. Determine the smallest 
vertical force P that can be applied to its top that will cause 
it to tip over. 


és 6) sin 26.565° = 0.22364 < 3 


d' =a sin 26.565° =0.4472 4 
For Pain, put P at the comer as shown. 
IMac 2 0; W(0.2236a) - P (0.44724) = 0 


P30.5W Ans 
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*5-88. Determine the horizontal and vertical components 
of reaction at the pin A and the force in the cable BC. 
Neglect the thickness of the members. 


Fac cos30°(7) - 450( 1.5) = 100(4.5) =0 


Fac = 185.58 N = 186N 


EF, =0; A= 185.58 cos30°=0 A= 161N 


+TER =0; 4, +185.58 sin30°-450- 100=0 


A, =457N 
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e5-89. Determine the horizontal and vertical components 
of reaction at the pin A and the reaction at the roller B 
required to support the truss. Set F = 600 N. 


Equations of Equilibrium : The normal reaction Ng can be obtained 
directly by summing moments about point A. 


¢+ £M, =0; — 600(6) +600(4) + 600(2) — Ng cos 45°(2) =0 
Ng = 5091.17 N = 5.09 kN Ans 


+, £6 =0; A, -5091.17cos 45° =0 
A, = 3600 N = 3.60 kN 


+TEE =0;  $091.17sin 45°-3(600)-A, =0 
A, = 1800 N = 1.80 kN 


5-90. If the roller at B can sustain a maximum load of 
3 KN, determine the largest magnitude of each of the three 
forces F that can be supported by the truss. 


Equations of Equilibrium : The unknowns A, and A, can be eliminated 
by summing moments about point A. 


¢ IM, =0; F(6)+F(4)+F(2)-3cos 45°(2) =0 
F=0.3536 kN = 354N 
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5-91. Determine the normal reaction at the roller A and 
horizontal and vertical components at pin B for equilibrium 
of the member. 


Equations of Equilibrium : The normal reaction N, can be obtained 
directly by summing moments about point B. 


¢ IM, =0; —10(0.6+1.2cos 60°) +6(0.4) 
-N, (1.2+ 1.2cos 60°) =0 


Ny = 8.00 kN 


+ IF =0; B,-6c0s30°=0 B, = 5.20kN 


+TZE =0;  B, +8.00-6sin 30°-10=0 
B, = 5.00 kN 
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*5-92. The shaft assembly is supported by two smooth 
journal bearings A and B and a short link DC. If a couple 
moment is applied to the shaft as shown, determine the 
components of force reaction at the journal bearings and the 
force in the link. The link lies in a plane parallel to the y—z 
plane and the bearings are properly aligned on the shaft. 


IM, = 0; -250 + Kop 00820°(0.25 c0830°) + Kop sin20°(0.25 sin30°) = 0 
Fop = 1015.43 N = 1.02 EN Ans 
E(M,), = 0; —A,(0.7) — 1015.43 sin20°(0.42) = 0 
A, =- 208.38 = ~208N Ans 
—208.38 + 1015.43 ain20° + B, = 0 
B, = -139N Ans 
A,(0.7) — 1015.43 cos20°(0.42) = 0 
A, = $72.51 = 573N Ans 


$72.51 - 1015.43 cos20° + B, = 0 


B, = 382N Ans 


0:25€0830'm 
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e5-93. Determine the reactions at the supports A and B of 
the frame. 


(rm =0; — 5(14) +7(6) +0.5(6) -2(6) -A, (14) =0 


A, = 7.357 kip = 7.36 kip 
2F,=0; 8, -0.550 B, = 0.5 kip 
+TEF,=0; 8, +7.357-$-7-10-230 


B, = 16.6 kip 
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5-94. A skeletal diagram of the lower leg is shown in the 
lower figure. Here it can be noted that this portion of the leg 
is lifted by the quadriceps muscle attached to the hip at A 
and to the patella bone at B. This bone slides freely over 
cartilage at the knee joint. The quadriceps is further 
extended and attached to the tibia at C. Using the 
mechanical system shown in the upper figure to model the 
lower leg, determine the tension in the quadriceps at C and 
the magnitude of the resultant force at the femur (pin), D, 
in order to hold the lower leg in the position shown. The 
lower leg has a mass of 3.2 kg and a mass center at Gj; the 
foot has a mass of 1.6 kg and a mass center at Gy. 


Tsin 18.43°(75) —3.2(9.81)( 425 sin75°) 


~ 1,6(9.81)(725sin75°) =0 


T= 1006.82 N = 1.01 kN Ans 
D, + 1006.82 sin 33.43° — 3.2(9.81) - 1.6(9.81) = 0 


D, = -507.66 N 


“,EF, =0; —_D,~ 1006.82 cos 33.43° 20 


D, = 840.20 N 


Fp = JD? + D? = ¥/(-507.66)? + 840.20 = 982 N 
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5-95. A vertical force of 80 lb acts on the crankshaft. 
Determine the horizontal equilibrium force P that must be 
applied to the handle and the x, y, z components of force at 
the smooth journal bearing A and the thrust bearing B. The 
bearings are properly aligned and exert only force reactions 
on the shaft. 


IM,=0;  P(8)—80(10) =0 P= 100lb 
=M,=0; B,(28)-80(14) =0 B, = 40 1b 
EM =0; —B,(28)-100(10)=0 2B, =-35.7Ib 


‘EFe=0;  A+(=35.7)-10020 A= 136 lb 


rR=0; 8B =0 Ans 


IF,=0; A. +40-80=0 A, = 40 Ib Ans 


Negative sign indicates that B, acts in the opposite sense to that shown on the FBD. 
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*5-96. The symmetrical shelf is subjected to a uniform 
load of 4 kPa. Support is provided by a bolt (or pin) located 
at each end A and A’ and by the symmetrical brace arms, 
which bear against the smooth wall on both sides at B and 
B'. Determine the force resisted by each bolt at the wall 
and the normal force at B for equilibrium. 


Equations of Equilibrium : Each shelf's post at its end supports half 

of the applied load, ie, 4000(0.2) (0.75) = 600 N. The normal reaction Ng 

can be obtained directly by summing moments about point A. 

UE G4N6/9)= OOO N 


(G+ 2M, =0; Ny (0.15)-600(0.1)=0 Ng =400N Ans 


A, = 400N 
A,-000=0 A, =600N 
The force resisted by the bolt at A is 


F, = VAP+A? = (00+ OO = 721 N 
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